Background--Previous studies have provided conflicting results as to whether women are at higher risk than men for thromboembolism in the setting of atrial fibrillation (AF). We investigated whether women with AF were at higher risk of ischemic stroke in the China-AF (China Atrial Fibrillation Registry) Study.
A trial fibrillation (AF) is the most common sustained arrhythmia and is associated with a 5-fold increase in the risk of ischemic stroke. 1 Usually, female AF patients tend to be older, with more comorbidities, and therefore to have a higher incidence of stroke. 2, 3 However, whether female sex is a prognostic factor for stroke is still uncertain. Large-cohort studies have indicated that women with AF are at 10% to 90% higher risk of stroke than men, 2,4-8 whereas others failed to find such an association. [9] [10] [11] [12] Notably, the ATRIA (Anticoagulation and Risk Factors in Atrial Fibrillation) study indicated that women were at 60% and 80% increased stroke risk than men for those aged ≤75 and >75 years respectively, 4 whereas 3 other studies have reported that female sex is associated with 10% to 23% higher risk of stroke only for patients over the age of 75. [6] [7] [8] Furthermore, the Danish nationwide cohort study suggested that the excess stroke risk for women was evident among those with ≥2 non-sex-related risk factors. 13 Conversely, a recent Korean nationwide cohort study showed that female patients had a lower risk of ischemic stroke than males. 14 Hence, contemporary European and American AF guidelines are inconsistent in their recommendations as to whether female sex should be used as a risk factor in deciding anticoagulation therapy. 15, 16 In this study we used data from the China-AF (China Atrial Fibrillation Registry) cohort to evaluate whether women are at higher risk for stroke or systemic embolism (SE) after adjustment of other confounding factors and whether the association is consistent among different subgroups.
Methods
For the concern about intellectual property and patient privacy, the data, analytic methods, and study materials of this study will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Study Population
The China-AF study is a prospective, multicenter, hospitalbased, ongoing registry study of patients diagnosed with AF. The main purpose of this observational study is to understand the current clinical practice patterns, prognoses, and related factors in Chinese AF patients and to compare different treatments in real-world practice. Details of the cohort have been described previously. 17 Ethics approval was obtained from the local institutional review board, and written informed consent was obtained from patients. From August 2011 to December 2016, 19 515 AF patients were recruited from outpatient clinics and in-hospital patients of 31 hospitals located in Beijing, China. Patients were followed up at 3 months, 6 months, and every 6 months thereafter. In this analysis we excluded patients with a follow-up of less than 6 months (n=3316) and patients with mitral stenosis or valvular repair or replacement (n=464). Patients receiving oral anticoagulant treatment at baseline (n=3225) were excluded, and we also excluded patients who underwent catheter ablation (n=6271) to exclude any possible impact of the procedure on stroke risk. [18] [19] [20] Finally, 6239 participants were included in this analysis. A flowchart of the study is shown in Figure 1 . Information on patient characteristics, including age, sex, lifestyle factors, type of AF, medical history, medication, education, and insurance, was collected when patients were enrolled. Definitions of each variable were in line with the American College of Cardiology/American Heart Association recommendation on AF clinical data standards and international peer studies. 21 
Follow-Up
Each enrolled patient was followed up at outpatient clinic or through telephone interview every 6 months. Information of medical or interventional therapies, events of incident ischemic stroke/SE, bleedings, hospitalizations, and deaths was collected at each follow-up occasion. Person-time was 
Clinical Perspective
What Is New?
• Our study showed that female sex did not emerge as an independent risk factor for stroke and systemic embolism in Chinese atrial fibrillation patients.
• No significant interactions between sex and age or comorbidities was found for thromboembolism.
What Are the Clinical Implications?
• censored at the time the patient initiated oral anticoagulant therapy, catheter ablation was applied, first ischemic stroke/ SE or death occurred, or the time data were analyzed.
Ascertainment of Thromboembolic Events
The primary outcome was the time to the first occurrence of a thromboembolic event, including ischemic stroke and SE, whichever came first. Patient-reported nonfatal thromboembolic events were adjudicated by 2 independent neurologists separately. Disagreement was resolved by discussion or by involving other senior neurologists.
Definitions
The estimated glomerular filtration rate based on creatinine was calculated with the modified equation for Chinese patients with chronic kidney disease. 22 The CHADS 2 score was calculated for each patient by giving 1 point to each patient of age ≥75 years, history of hypertension, diabetes mellitus, and congestive heart failure and 2 points to each patient with a history of thromboembolism. 23 We also calculated the CHA 2 DS 2 -VASc score by giving 2 points to each patient of age ≥75 years and a history of thromboembolism and 1 point to each patient of age 65 to 74 years, history of hypertension, diabetes mellitus, congestive heart failure, vascular disease, and female sex. 24 A sexless CHA 2 DS 2 -VASc score (ie, removing female sex), abbreviated as CHA 2 DS 2 -VA, was calculated by excluding female sex from CHA 2 DS 2 -VASc score.
Statistical Analyses
Descriptive statistics were used to compare demographic characteristics, comorbid conditions, and concomitant medication between men and women. Continuous variables were presented as mean and standard deviation or median and interquartile range as appropriate. A t test or the Wilcoxon ranksum test was used to compare the differences. Dichotomous variables were presented as percentages and were compared by v 2 test. Incidence rate of thromboembolic events was reported as the number of events per 100 person-years of follow-up in women and men, respectively. Cumulative incidence rates were estimated with the Kaplan-Meier method and compared with the log-rank test by sex and age groups. Cox proportional hazards regression was employed to estimate the association between sex and stroke in a series of models with incremental adjustments as follows: model 1 was adjusted for age as a continuous variable; model 2 was adjusted for age, congestive heart failure, hypertension, diabetes mellitus, thromboembolism, and vascular disease; and model 3 was adjusted for all covariates with P<0.2 in the univariate Cox regression model. Results are expressed as hazard ratios with their 95% confidence intervals (CIs). Interactions between selected variables and sex were tested after multiple adjustment and presented in a forest plot. If covariate data were missing for the Cox regression models, PROC MIANALYZE was used, with a multiple imputation method, to calculate hazard ratios and their 95% CIs and to conduct valid statistical inferences from 5 imputed data sets.
All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC). All statistical tests were 2-sided; a P<0.05 was considered statistically significant.
Results
We included 2574 women and 3665 men with AF in this analysis: of these, 2576 (41.29%) were identified during hospitalization, 3500 (56.10%) were enrolled from outpatient clinics, and 163 (2.61%) were enrolled from the emergency department. Baseline characteristics of male and female patients were shown in Table 1 . Women were generally older (mean age 70.2 years versus 65.8 years, P<0.0001) and were more likely to have a history of heart failure, hypertension, or diabetes mellitus but were less likely to have diagnosed vascular disease than men. Women had higher mean CHADS 2 (2.0 versus 1.7, P<0.0001) and CHA 2 DS 2 -VASc (3.9 versus 2.4, P<0.0001) scores.
Thromboembolic Events
During a mean follow-up of 2.81AE1.46 years, 324 thromboembolic events (291 ischemic strokes and 33 systemic embolisms) occurred. Women accrued 152 thromboembolic events, whereas men accumulated 172 events, with corresponding incidence rates of 2.08 and 1.68 per 100 patient-years, respectively. Crude incidence rates of thromboembolism between women and men were of borderline statistical significance (P=0.058).
Cumulative incidence rates of ischemic stroke/SE subdivided by sex and age groups (<65, 65-74, and ≥75 years) are shown in Figure 2 . On Kaplan-Meier analysis, women were at not at higher risk of stroke/SE than similar-aged men across different age groups.
Women had nonsignificantly different incidences of thromboembolism than men for each CHA 2 DS 2 -VA score group (Figure 3) . The absolute risk of thromboembolism was low among patients with a CHA 2 DS 2 -VA score of 0, being 0.61, 0.29 per 100 patient-year for women and men (P=0.286), respectively.
Multivariate Analysis
After age had been adjusted as a continuous variable, female sex was still nonsignificantly associated with thromboembolic Data are shown as meanAESD or n/N (%). History of thromboembolism includes ischemic stroke, transient ischemic attack and systemic embolism. Alcohol use is defined as at least 20 g of pure alcohol on 1 occasion for both men and women. Previous bleeding means clinically relevant major or nonmajor bleeding. ACEIs indicates angiotensin-converting enzyme inhibitors; AF, atrial fibrillation; ARBs, angiotensin II receptor blockers; BMI, body mass index; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure. Figure 2 . Cumulative incidence rates of ischemic stroke/SE in women and men, stratified by age groups.
*Comparisons between men and women, by Log-rank test. SE indicates systemic embolism.
completion of high school) were adjusted. Table S1 provides all risk estimates of the different covariates included in the univariate and multivariate Cox regression model.
Subgroup Analysis
In subgroups of different age groups (<65, 65-74, and ≥75 years), with and without history of heart failure, hypertension, diabetes mellitus, thromboembolism, as well as vascular diseases, with CHA 2 DS 2 -VA score ≤1 or ≥2, we found no significant interactions between sex and clinically relevant variables ( Figure 4 ).
Discussion
In this large cohort of Chinese patients with AF, we found that although crude annual incidence rates of thromboembolism were higher in Chinese female patients with AF compared with male patients, female sex did not emerge as an independent risk factor for stroke and systemic embolism on multivariate analysis. In addition, no significant interactions between sex and age or comorbidities were found for thromboembolism. The debate as to whether female sex is an independent risk factor for thromboembolic events in patients with AF remains. The earlier Framingham and ATRIA studies initially reported female sex as a risk factor for stroke. 4, 5 However, these cohorts were conducted in the era of a relatively low awareness of AF and less optimal management of the arrhythmia and associated risk factors. The recognition of AF as a significant clinical condition and improvements in treatment of comorbidities may have contributed to the elimination of sex differences in stroke. Three more recent large-cohort studies in Canada, Sweden, and Denmark suggested that there was a significant interaction between age and sex for the risk of stroke. Female sex Table 2 . Association Between Female Sex and Incidence of Stroke/SE was a risk factor for stoke only in patients aged ≥75 years, not in those aged <75 years. [6] [7] [8] However, the Canadian cohort revisited their data recently and found no significant association between female sex and risk of thromboembolism in patients older or younger than 75 years after matching on age and using time-dependent adjustment for confounders. 9 In addition, the Danish cohort also reviewed their data from 3 nationwide registries recently and showed that female sex had significant interaction with other risk factors and could be considered a risk modifier rather than a risk factor for stroke in patients with AF. 13 Other analyses based on the UK General Practice Research Database and Asian cohort studies also found no sex differences in stroke risk. 10, 11, 14, 25, 26 Of note, none of the registry-based studies collected information about lifestyle factors such as smoking, alcohol, and obesity, which may affect the risk of thromboembolic events. [27] [28] [29] The Danish Diet, Cancer and Health study suggested no sex difference in stroke risk after controlling for lifestyle-related factors, including smoking, alcohol, obesity, and hormone replacement therapy. 12 All of these findings suggest that possible unadjusted confounders may contribute to the observed association between female sex and risk of stroke. In our study additional adjustment for echocardiographic, lifestyle, and socioeconomic factors did not alter the association between female sex and stroke risk. Our study indicates that female sex is not an independent risk factor for stroke in Chinese AF subjects and should not necessarily be incorporated into their risk stratification for guiding anticoagulation therapy decisions. Current European AF treatment recommendations are the same for female and male patients based on additional risk factors beyond sex. 15 In contrast, American guidelines still provide the possibility of initiating anticoagulation based on female sex alone. 16 However, our findings do not support consideration of oral anticoagulant treatment for female Chinese patients with a CHA 2 DS 2 -VASc score of 1, given that these patients displayed an absolute risk of thromboembolism of 0.61 per 100 patientyears.
Contemporary Canadian and Japanese AF guidelines also do not include female sex as a risk factor in considering anticoagulation treatment. 30, 31 Indeed, an analysis from the J-RHYTHM Registry indicated that the CHA 2 DS 2 -VA score, a risk-scoring system that excludes female sex from CHA 2 DS 2 -VASc and performs better in risk stratification for thromboembolic events than the CHA 2 DS 2 -VASc score, especially in identifying truly low-risk Japanese AF patients. 32 Nonetheless, the J-RHYTHM registry recorded anticoagulation use only at baseline, and events at follow-up may be confounded by anticoagulation use among high-risk subjects. Although our findings suggest that female AF patients are not exposed to extra risk of thromboembolic events, it is important to realize that AF was more commonly detected at first stroke in women and was associated with worse stroke outcomes. 33 Women with AF are more likely to be underdiagnosed and managed conservatively. It is reported that women with AF are less likely to receive anticoagulation therapy. 34 However, anticoagulant therapy is at least as beneficial in women as in men with AF. 35 Specific attention is warranted to promote anticoagulation therapy among women with AF. Indeed, initial decisions on oral anticoagulant treatment could be guided by a CHA 2 DS 2 -VA score (ie, excluding the sex category criterion), but the Sc risk component may modify and possibly increase stroke risk in women with ≥2 additional stroke risk factors. 13 However, some limitations of the study should be noted. First, the patients in this study were derived from hospitals in Beijing; thus, more symptomatic or sicker patients were possibly more likely to be selected. Also, the numbers of patients and events in our prospective cohort were not comparable with the other nationwide registries. In addition, only information about patient characteristics taken at the baseline was used for the analyses, and hence, the effects of changes in increasing age and incident comorbidities were not taken into consideration. 36, 37 AF categorization in our study did not differentiate permanent AF from persistent AF. Because this categorization applies to both male and female patients, the results are less likely to be impacted by this limitation. Finally, we lacked information about hormone replacement therapy, which may have a role in stroke risk; however, this potential bias is likely to be minimal because the awareness and use of hormone replacement therapy are comparatively low in China. 38 
Conclusions
Crude incidence rates of thromboembolism were higher in Chinese female patients with AF compared with male patients, but female sex did not emerge as an independent risk factor for stroke and systemic embolism on multivariate analysis. In Chinese AF subjects, initial decisions on oral anticoagulant treatment guided by a CHA 2 DS 2 -VA approach (ie, ignoring the Sex category [Sc] criterion) may be appropriate. 
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